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Background
During RAN4#92bis meeting, way forward [1] for NR Rel-16 BS demodulation was approved. In this contribution, we share our views about the BS demodulation requirements for NR Rel-16 HST.
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Maximum Doppler shift
As per WF [1], the options for Maximum Doppler shift are shown below:
	·  Maximum Doppler shift
· Single tap HST 350km/h
· 15kHz SCS: 1340Hz
· 30kHz SCS: 2334Hz
· Single tap HST 500km/h 
· 15kHz SCS : 
· Option 1: 1944Hz
· Option 2: 1750Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 3000Hz


Doppler shift tracking capability depends on the distance between two closest column DMRS. The following Table 2-1 shows the maximum Doppler frequency tracking capability for different DMRS and SCS.
Table 2-1: NR PDSCH DMRS Doppler frequency tracking
	[bookmark: OLE_LINK7]DMRS configuration
	SCS (kHz)
	The smallest interval of DMRS (ms)
	Max Doppler frequency tracking (Hz)

	1+1+1 (2,7,11)
	15
	0.285
	1752

	
	30
	0.143
	3504

	1+1+1 (3,7,11)
	15
	0.285
	1752

	
	30
	0.143
	3504


The following table shows the theoretical maximum Doppler shift value assuming UL is 2 times DL.
Table 2-2: Maximum Doppler frequency for high speed train conditions
	Velocity
	Carrier frequency
	DL: Max Doppler shift (Hz)
	UL: Max Doppler shift (Hz)

	350km/h
	Band n1 (2.1GHz)
	681
	1361

	
	Band n77 (3.6GHz)
	1167
	2333

	450km/h
	Band n1 (2.1GHz)
	875
	1750

	
	Band n77 (3.6GHz)
	1500
	3000

	500km/h
	Band n1 (2.1GHz)
	972
	1944

	
	Band n77 (3.6GHz)
	1667
	3333

	
	Band n2 (1.89GHz)
	875
	1750


Maximum Doppler shift should not greater than Doppler shift tracking capability. Comparing above 2 tables, we can get the following observation and proposal:
Observation1: In theory, 500km/h with Band n1 (2.1GHz) is not feasible.
Proposal 1: To support 500km/h, carrier frequency can reduce to 1.89GHz, or UE velocity can reduce to 450km/h to support Band1 (2.1GHz).
Antenna configuration
	· Antenna configuration
· For tunnel
· Option 1: 1x1
· Option 2: 1x2 (baseline for simulation alignment)
· For open space
· Option 1: 1x2 (baseline for simulation alignment)
· Option 2: 1x8


For antenna configuration, more practical situation could be considered. It is more reasonable to set 1x2 for tunnel scenario, larger number of receiver antenna for open space scenario.
Proposal 2: For tunnel scenario, adopt 1x2 antenna configuration. For open space scenario, adopt 1x8 antenna configuration.
MCS
	· MCS
· Option 1: MCS#2
· Option 2: MCS#16
· Option 3: MCS#2 and MCS#16
MCS#2 and MCS#16 for simulation alignment


As per simulation results in Section 3, we can get the following observation and proposal:
Observation 2: Both MCS 2 and 16 are feasible. MCS 16 has better performance considering balance between throughput and SNR.
Proposal 3: MCS#16 is enough for HST performance requirements definition, it is proposed to adopt MCS#16.
l0 for PUSCH mapping type A
	· l0  for PUSCH mapping type A
· Provide the simulation results for 350km/h and 500km/h and evaluate the following configurations and make decision: 
· Option 1: l0 = 3 
· Option 2: l0 = 2 
· Same value for both 350km/h and 500km/h can be considered


As per simulation results in Section 3, we can get the following observation and proposal:
Observation 3: There is negligible difference between l0=2 and 3 from simulation results. However, it is more preferable to set l0=3 since that using l0=3 can demodulation faster than l0=2.
Proposal 4: It is proposed to set l0=3.
Simulation results
In this section, we give simulation results for alignment as per simulation assumption in WF [1].
Figure 2-1: Ideal Simulation results for NR BS HST
	Case Number
	l0 position
	Antenna configuration
	CHBW/SCS
	maximum Doppler shift(Hz)
	Propagation condition
	MCS
	SNR@70% Max TP

	1
	2
	1Tx2Rx
	10MHz/15kHz
	1750
	Tunnel
	2
	-4.59

	2
	
	
	
	
	
	16
	5.41

	3
	
	
	
	
	Open space
	2
	-4.60

	4
	
	
	
	
	
	16
	5.40

	5
	
	
	40MHz/30kHz
	3000
	Tunnel
	2
	-4.59

	6
	
	
	
	
	
	16
	5.42

	7
	
	
	
	
	Open space
	2
	-4.60

	8
	
	
	
	
	
	16
	5.40

	9
	
	
	
	3334
	Tunnel
	2
	-4.58

	10
	
	
	
	
	
	16
	5.42

	11
	
	
	
	
	Open space
	2
	-4.60

	12
	
	
	
	
	
	16
	5.40

	13
	
	1Tx8Rx
	10MHz/15kHz
	1750
	Open space
	16
	0.40

	14
	
	
	40MHz/30kHz
	3000
	
	16
	0.40

	15
	
	
	
	3334
	
	16
	0.40

	16
	3
	1Tx2Rx
	10MHz/15kHz
	1750
	Tunnel
	2
	-4.59

	17
	
	
	
	
	
	16
	5.41

	18
	
	
	
	
	Open space
	2
	-4.60

	19
	
	
	
	
	
	16
	5.40

	20
	
	
	40MHz/30kHz
	3000
	Tunnel
	2
	-4.59

	21
	
	
	
	
	
	16
	5.42

	22
	
	
	
	
	Open space
	2
	-4.60

	23
	
	
	
	
	
	16
	5.40

	24
	
	
	
	3334
	Tunnel
	2
	-4.58

	25
	
	
	
	
	
	16
	5.42

	26
	
	
	
	
	Open space
	2
	-4.60

	27
	
	
	
	
	
	16
	5.40

	28
	
	1Tx8Rx
	10MHz/15kHz
	1750
	Open space
	16
	0.40

	29
	
	
	40MHz/30kHz
	3000
	
	16
	0.40

	30
	
	
	
	3334
	
	16
	0.40
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Figure 3-1: Ideal Simulation results for NR BS HST
Proposals
In this contribution, we analyses the BS performance requirement for NR HST, and our conclusions and proposals are:
Observation1: In theory, 500km/h with Band n1 (2.1GHz) is not feasible.
Observation 2: Both MCS 2 and 16 are feasible. MCS 16 has better performance considering balance between throughput and SNR.
Observation 3: There is negligible difference between l0=2 and 3 from simulation results. However, it is more preferable to set l0=3 since that using l0=3 can demodulation faster than l0=2.
Proposal 1: To support 500km/h, carrier frequency can reduce to 1.89GHz, or UE velocity can reduce to 450km/h to support Band1 (2.1GHz).
Proposal 2: For tunnel scenario, adopt 1x2 antenna configuration. For open space scenario, adopt 1x8 antenna configuration.
Proposal 3: MCS#16 is enough for HST performance requirements definition, it is proposed to adopt MCS#16.
Proposal 4: It is proposed to set l0=3.
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